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Salt-Affected Sites in the  Teton W ilderness.
Advisor: Thom as H. D eLucaf''Jf{^
M an-m ade sa lt licks have been created  in the Teton W ilderness of Wyoming, USA to 
a ttra c t elk for hun tin g  purposes. These sites have created  adverse im pacts to localized 
areas. The first p a rt of th is  study w as u n d ertak en  to exam ine physical and  chem ical 
characteristics of the sites. A to tal of 27 sites were identified and  surveyed and  paired 
w ith a  non-affected control. Sites were analyzed for soil bu lk  density, electrical 
conductivity (EC), pH, organic m atter percentage, sodium  absorption  ratio  (SAR), and  
exchangeable concentrations of sodium  (Na+), potassium  (K*), calcium  (Ca^*), and  
m agnesium  (Mg2+). Sam pling points were located both  w ithin sa lt sites and  in 
represen tative control areas. Salt treated  site cen ters were found to have elevated EC, 
bu lk  density , pH, SAR, an d  Na+ concentration. Although EC levels were elevated, they 
did n o t qualify a s  saline soils. Sites had  decreased organic m atte r content, Ca^+, and 
Mg2+ concentrations. Observed differences were due to the  addition of Na* to the soil 
solum  an d  also removal an d  tram pling of soil by ungulates. The second p art of th is 
study  involved experim ental restoration  plots. A 2x2 factorial design w as established a t 
six sa lt sites using  a  control, aeration, and  gypsum  am endm ent. The purpose of 
aeration  w as to reduce soil bu lk  density caused  by tram pling. Gypsum  w as applied to 
alleviate the high Na* con ten t of affected soils and  to encourage flocculation. There was 
no appreciable vegetation estab lishm ent on the seeded plots after one growing season. 
M easured levels of EC an d  Câ "̂  increased w ith gypsum  am endm ent. Most im portantly, 
aera ting  sites using  h an d  tools did no t act to improve bulk density. It is therefore 
recom m ended no t to u se  aeration alone or with gypsum  in rehabilitating sa lt affected 
sites in the Teton W ilderness. Rather, organic am endm ents or application of forest 
residues a s  a  d e terren t along w ith fencing to prevent tram pling by ungu lates is 
recom m ended.
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1
CHAPTER 1. H istory o f  Salt Licks and Literature Review.
Salt Licks
In  1792, Imlay w as credited with implying th a t the word lick was a  term  used  by 
h u n te rs  in  colonial America. In Imlay’s words, “A salt spring is called a  ‘Lick,* from the 
ea rth  ab o u t them  being furrowed ou t in a  m ost curious m anner by the buffalo and  deer, 
w hich lick the  ea rth  on accoun t of the saline particles w ith w hich it is im pregnated” 
(cited in  Jo n es  and  H anson, 1985).
Many travelers and  n a tu ra lis ts  gave vivid descriptions of licks in the  early 
n ine teen th  century  (Jones and  H anson, 1985). Faux gave the  following description of a 
lick on the  Illinois frontier: “1 saw a  lick of singular size extending over nearly half an  
acre of land, all excavated th ree feet, th a t is to say, licked away, and  eaten, by 
buffaloes, deer and  o ther wild anim als. It h as  the appearance of a  large pond dried” 
(cited in  Jo n es  and  H anson, 1985).
H istory o f T eton  Salt S ites
The 585,468-acre Teton W ilderness is located ju s t  sou th  of Yellowstone National 
Park in northw estern  Wyoming, USA. It is boarded by Yellowstone National Park to the 
North, by Yellowstone and  G rand Teton National Parks to the  West, by Buffalo Valley to 
the South, an d  by the  W ashakie W ilderness to the east. It w as designated a  Primitive 
Area in 1934, and la ter m ade part of the National W ilderness Preservation System  with 
passage of the  W ilderness Act in 1964 (W ilderness Act, 1964).
M an-m ade wildlife sa lt licks exist in the Teton W ilderness, mainly along the 
N orthern boundary  w ith Yellowstone National Park. The m ain function of these licks is 
for a ttrac tin g  and  h u n tin g  elk. Their location along the Yellowstone boundary helps 
pull large trophy elk ou t the  park  for hun ting  in the Teton W ilderness (Sandetto, 2000).
The Wyoming Game an d  Fish D epartm ent (WGFD) first created m an-m ade salt 
licks in the  Tetons. In the early 1940's, game m anagers realized th a t elk d istribution 
seem ed to be favoring Yellowstone Park and  few elk herds were moving into appropriate 
h ab ita t in the  Teton W ilderness. This led to m ore harvesting on the National Elk Range
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an d  less in  the  W ilderness. To alleviate th is, the WGFD experim ented in 1945, 1946, 
an d  1957 w ith placing m ineral blocks in th e  w ilderness a rea  to see if differences in elk 
u se  p a tte rn s  would occur (Sandetto, 2000).
Wyoming Game an d  Fish D epartm ent Jo b  Completion Reports of 1956-1959 
indicated  th a t  “no definite conclusions can  be draw n from the salting experim ent except 
th a t  th e  an im als apparently  prefer a  trace of m ineral block over a  calcium -phosphorous 
block. Careful evaluation of all factors over a  period of several years will be necessary 
to determ ine the effects, if any, of th is  salting practice on the m igration p a tte rn  or 
n a tu ra l sum m er d istribu tion  of the elk.” Even though the resu lts  were inconclusive and  
the practice halted , the WGFD allowed salting to continue by perm itted ou tfitter/gu ides 
in  the  Teton W ilderness (Sandetto, 2000).
Section 2(c) of the W ilderness Act defines w ilderness as; A w ilderness, in 
co n trast w ith those a reas  w here m an and  h is own works dom inate the  landscape, is 
hereby recognized as  a n  area  where the earth  and  its com m unity of life are 
un tram m eled  by m an, w here m an  him self is a  visitor who does not rem ain. An area of 
w ilderness is fu rth er defined to m ean in th is  Act an  area  of undeveloped Federal land 
retain ing  its  prim eval ch arac ter and  influence, w ithout perm anent im provem ents or 
hu m an  habitation , w hich is protected and  m anaged so a s  to preserve its n a tu ra l 
conditions an d  which (1) generally appears to have been affected prim arily by the forces 
of na tu re , w ith the im print of m an’s work substantially  unnoticeable; (2) h as  
ou tstan d in g  opportunities for solitude or a  primitive and  unconfined type of recreation; 
(3) h a s  a t  least five th o u san d  acres of land or is of sufficient size a s  to m ake practicable 
its  preservation and  use  in  an  unim paired condition; and  (4) m ay also contain  
ecological, geological, or o ther features of scientific, educational, scenic, or historical 
value (W ilderness Act, 1964).
Salting to influence big game d istribution  is not consisten t with the W ilderness 
Act or philosophy of w ilderness m anagem ent. The estab lishm ent of W ilderness is 
m ean t to protect n a tu re  from hu m an  interference. Placing salt to influence wildlife
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d istribu tion  is affecting n a tu re  and  th u s  w ilderness. Additionally, the Bridger-Teton 
National Forest land m anagem ent p lan  s ta tes  th a t “visitor actions w hich tend to alter 
the n a tu ra l behavior of wdldlife in  w ilderness are not allowed.” Salt sites are therefore 
illegal to create  and  cause  visual and  potential ecological im pacts to the w ilderness 
resource (Sandetto, 2000).
A nother law regarding salting, clause R4-D6, is in  all cu rren t Special Use 
Perm its for ou tfitter/gu id ing  in  the  Teton W ilderness. The clause s ta tes  “The 
possession  or d istribu tion  of sa lt is prohibited except as  provided for in  the O perating 
Plan for pack  or saddle stock nu trition , trophy preservation, and  culinary use. Periods 
of use, location, an d  m ethod of livestock utilization will be provided by the holder and 
approved by the Forest Service Authorized Officer” (Sandetto, 2000).
More recently, there have been rising concerns over salt placem ent in the  Teton 
W ilderness. In the fall of 1999 there w as concern about lack of enforcem ent regarding 
salting regulations and  potential h u m a n /b e a r  conflicts around  sa lt sites. This h as  led 
the  United S ta tes  Forest Service (USFS) to take action by initiating a  study to determ ine 
the  im pacts to salt-affected sites (Sandetto, 2000).
H istory o f  Salt for Game M anagem ent
The use  of sa lt to control m ovem ents of big game has  historically been a 
com m on practice. In the early tw enties in  the B itterroot M ountains of Idaho, it w as 
noticed th a t  big game were a ttrac ted  to sa lt supplied for livestock. This led in 1921 to 
the  d istribu tion  of two tons of salt on known game ranges by the S tate Fish and  Game 
D epartm ent of Idaho (Case, 1938). This becam e the first big game salting program  in 
the  United S ta tes (Dalke et al., 1965).
This initial experim ent w as so successful th a t the  Idaho State Fish and  Game 
D epartm ent continued, and  gradually increased yearly p u rch ases and  d istribution  of 
salt u n til eveiy big n a tu ra l lick w as receiving a  quota  of salt. The USFS frequently 
a ssis ted  in the  transporta tion  and  placem ent of salt, w hich w as the  m ost costly p a rt of 
the  salting  program  (Case, 1938).
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The original objectives of the Idaho salting program  were to place sa lt on 
n atu ra lly  occurring licks. However, during  th e  hard  w inters of 1931-1932 and  1932- 
1933, the  loss of deer w as so alarm ing, both  forest m anagers and  game w ardens sought 
a  rem edy (Case, 1938).
The idea of pu tting  sa lt on the  sum m er range w as m entioned in a n  Idaho Fish 
and  Game biennial report in 1930, w ith the assum ption  th a t it would retard  seasonal 
m ovem ent to the w inter ranges. It w as also though t th a t salt on the  sum m er range 
would h as ten  the  an im als ' re tu rn  in the  spring to the sum m er range (Dalke et al.,
1965).
By 1931-1932, 61 tons of salt w as spread on sum m er range by the Idaho Fish 
and  Gam e D epartm ent, the  USFS, and  private sportsm en. The peak  of sa lt distribution 
occurred in 1947 w hen 235 tons were dropped from the  air. By 1954, the am ount of 
block sa lt d istribu ted  had  decreased to 129 tons and  by 1960 to less th an  five tons 
(Dalke e t al., 1965).
This initial Idaho salting program  laid the foundation for o ther states. In 1953 
all eleven w estern  s ta te s  except Nevada were d istributing  salt in varying quantities and  
for several different purposes. The salting program  in M ontana began in 1942 w hen six 
tons of salt were d istribu ted  in the Sun River, prim arily to draw elk away from n atu ra l 
licks (Rognrud, 1955).
The u se  of sa lt on big game ranges in M ontana increased after the program  
began in 1942. In 1951, a  total of 80 tons were d istribu ted  for big game and  in 1954 a 
total of 72/6 tons were d ispersed  (Rognrud, 1955). Like Idaho, nearly all the objectives 
for the  M ontana salting program  centered a round  salt to influence m ovem ents of big 
game. The m ost com m on objective w as to lessen utilization of w inter range forage 
(Rognrud, 1955).
Sodium , Salt Licks, and Animal Use
In ten tional ingestion of soils, or geophagy, is a  com m on practice by wild and 
dom esticated an im als (Arthur and  Alldredge, 1979 and  Beyer e t al., 1994). The
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deliberate ingestion of soil by anim als is well docum ented. Over 50 species have been 
found ingesting soils a t sa lt licks (Beyer e t al., 1994). C oncentrations of some elem ents 
in ingested soil m ay be so high in  com parison w ith the concentrations in the  anim al’s 
diet th a t  the soil becom es an  im portan t source of n u trien ts  (Arthur an d  Alldredge,
1979; an d  Beyer e t al., 1994). Soil ingestion m ay be im portan t to the  anim als by 
supplying n u trie n ts  or by interfering with absorption of n u trien ts  (Garcia-Bojalil et a l., 
1988).
Almost all ungu la tes  u se  sa lt licks to some extent to supplem ent their diet. In 
the Rocky M ountains, sheep and  goat u se  different licks th a n  o ther ungulates. They 
lick away alm ost solely a t  dry ea rth  exposures, m any which are w hite earth  slopes. 
Many tim es dry, friable rock, which may be essentially unw eathered, is eaten. For 
moose an d  m ountain  caribou, wet, m uck licks and  m ineral springs are  preferred while 
w hite-tailed and  m ule deer frequent dry licks, and  elk visit bo th  types equally (Jones 
and  H anson, 1985).
In a  review of n a tu ra l deer salt licks. Weeks (1974) analyzed food item s eaten  
th roughou t the  year a s  well as  soil from licks th a t deer used. He evaluated the 
morphology of their adrenal glands an d  the in tensity  of their use  of licks. Weeks (1974) 
concluded th a t  Na* is the  m ain draw of an im als for use of m ineral licks. He concluded 
th a t high levels of K+ in spring forage, particularly  grasses, and  the succu len t condition 
of herbage a t th is season creates conditions for decreased efficiency of tu b u la r 
resorption in the kidneys and  a  d iarrheic condition th a t fu rther con tribu tes to Na+ loss 
(Weeks, 1974).
S tud ies by F raser et al. (1984), Dalke et al. (1965), as  well as  m any quoted in 
Jo n es  an d  H anson (1985) all point to Na* as the chem ical com ponent in both  soil and  
w ater sam ples a t sa lt licks th a t a ttra c t wildlife. Dalke e t al. (1965) com m ented th a t 
“sodium  in  the  spring an d  seep w aters seem ed to be the elem ent attrac ting  game to 
these  areas. The sodium  content ranged from 0.75 to 3.96 m eq/L  (18-91 ppm). Such
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
low concentrations are apparently  detectable by big game a s  no o ther elem ent analyzed 
w as found in  com parable am o u n ts .”
Although an im als have a  physiological need for Na+, Rognrud (1955) suggests 
th a t in  big game it becom es an  acquired taste . A study by Black (1955) of salt 
consum ption  by deer in Oregon showed increased use  of sa lt licks each year the study 
w as in progress. Black (1955) suggested th a t sa lt consum ption probably reflects the 
degree th a t  deer have acquired the sa lt hab it (cited in Rognrud, 1955).
U ngulates m ay also find Na+ via runoff from road deicing salts. In northern  
O ntario, w here there is relatively poor availability of environm ental Na^, n a tu ra l m ineral 
springs an d  roadside pools contam inated  by highway de-icing salt provide native 
anim als w ith supplem entary  Na* (Fraser, 1985). F raser (1985) docum ented moose and 
w hite-tailed deer a t these  artificial roadside sites.
Each w inter in  th is  area, de-icing sa lt (NaCl) is spread  on the highway a t an  
estim ated  ra te  of 30-40 m etric to n n es/k m . Subsequently, m any pools of s tagnan t 
w ater n ea r the roadside have a  high Na^ content (100-600 ppm). Because the roadside 
a reas are laden w ith Na+, m any pools are recharged with brine a t each rainfall and  
show little tendency for Na*" levels to decline during  the sum m er (Fraser, 1985).
In the  sam e area, F raser and  Thom as (1982) found th a t moose were very 
sensitive to even sm all am o u n ts  of salt. They found th a t on one highway, it w as only 
sanded in th e  w inter an d  a  sm all am ount of sa lt was used  to prevent the sand from 
clum ping. However, even th is  m inim al am ount was sufficient to a ttrac t ungulates 
(Fraser and  Thom as, 1982).
In a  study  on roadside sa lt licks in New H am pshire, Miller and  Litvaitis (1992) 
found th a t during  the  spring, levels of Na^ were higher a t  licks (628.5 ppm) th an  in 
puddles (45.9 ppm) or s tream s (5.2 ppm) w ith sm aller differences for K*, calcium  (Câ "̂ ), 
an d  m agnesium  (Mg^^). Even though the puddles in their study  contained m uch higher 
concen tra tions of Na^ th a n  stream s, they infrequently observed moose using the 
puddles. This reinforces Na+ as  the  m ain a ttrac tion  for ungulates.
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In the ir study, Miller and  Litvaitis (1992) reported th a t moose used  roadside salt 
licks in spite of availability of ponds th a t contained aquatic  p lan ts. A lthough aquatic 
p lan ts  con tain  higher am o u n ts  of Na+ then  terrestria l p lan ts  (Fraser et al., 1984), the 
u se  of hcks m ay have been advantageous because licks provide a  m ore efficient m eans 
of obtaining Na'" th a n  aquatic  p lan ts.
Belovsky (1978) calculated th a t a  moose a t a  lick ingests Na* 15 tim es faster 
th a n  w hen feeding on aquatic  p lan ts. Additionally, aquatic p lan ts  have a  lower energy 
content th a n  te rrestria l browse species. It ends up  being very advantageous for an  
ungulate to u se  a  sa lt lick for Na* consum ption a s  opposed to aquatic  p lan ts  (Miller and  
Litvaitis, 1992).
There have been a  handfu l of studies on artificial salting an d  anim als use. 
However, few articles have addressed  detrim ental im pacts of salt sites. In the M ontana 
and  Idaho Game an d  Fish salting studies, the m ain focus w as to determ ine the success 
in m anagem ent of game to conserve w inter range. Some useful observations of their 
im pacts were m ade however. Dalke et al. (1965) found th a t w hen salt was placed in the 
fall, on top of snow pack, little salt w as actually w asted because elk ingested the salt- 
im pregnated soil. They also found th a t sa lt blocks were very frequently consum ed 
before there  w as any noticeable soil ingestion.
W hen searching for placed artificial sa lt licks, Rognrud (1955) noted th a t they 
“could be located from the  air by the  appearance of tra ils  rad iating  from the  site. 
Depending on the relative num ber of an im als using  the salt lick, the site w as tram pled 
in a reas of different size, w ith the sa lt blocks consum ed and  w eathered to a  varied 
degree. W hen salt w as completely consum ed, holes were licked in  the  ground a t the 
place sa lt h ad  been.” These observations are very sim ilar to the salt sites in the Teton 
W ilderness.
O ther au th o rs  have observed soil consum ption after sa lt blocks have been eaten. 
Jo n es  an d  H anson (1985), in their review of sa lt licks, found th a t wild anim als avoid 
sa lt blocks to ea t the soil su rround ing  or u n d ern ea th  the blocks. The m ost reactive
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portion of the  soil and  lick earth  is the clay-size fraction, leading them  to hypothesize 
th a t  lick soils would likely be enriched in  clay-sized m aterial (Jones and  H anson, 1985).
Salts, in particu la r Na+ leaching into the soil solution can  bring ab o u t m any 
concerns for contam ination. One concern is th a t th is  m ay ac t to salinize the soil. Soil 
salinity refers to the  presence of m ajor dissolved solutes in aqueous sam ples (Lilley,
1982 an d  Rhoades, 1996). The predom inant solutes responsible for salinity include the 
cations Na*, Ca^*, and  Mg^*, and  the  an ions sulfate (S04^-) an d  chloride (Cl ). Minor 
am o u n ts  of K+, carbonate (COa^ ), b icarbonate (HCO3 ) and  n itra te  (NO3 ) m ay also be 
p resen t in  salinized soils (Bernstein, 1975 and  Jan zen , 1993). Soil salinity is quantified 
in te rm s of the  to tal concentration of these soluble salts. The diagnosis, assessm ent, 
m anagem ent, and  need for reclam ation of saline soils are evaluated using inform ation 
of soil an d  w ater salinity (Bresler et al., 1982 and  Lima et al., 1990).
Soil salinity is a  problem  in the  lim itation of productivity from certain  soil types 
th roughou t the world. The accum ulation of soluble sa lts  in the soil profile restric ts  
p lan t grow th th rough  the  increase of osmotic potential of the soil solution and  inducing 
ion toxicities of n u trien t im balances (Bernstein, 1975 and  Bresler e t al., 1982). 
Additionally, salts also limit p lan t growth by harm ful effects on soil s tructure . High 
concentrations of Na* on cation-exchange sites will disperse soils and  impede w ater and  
a ir m ovem ent (Bernstein, 1975).
Elevated levels of Na* an d  su b seq u en t sodium  absorption ratios (SAR) cause 
several negatives a ttrib u tes  of soil including swelling, clay dispersion and  plugging of 
w ater conducting pores by the d ispersed clay, and  slaking of large soil aggregates into 
sm aller aggregates (A bu-Sharar e t al., 1987 and  Barzegar e t al., 1996). These soil 
effects prevent root elongation, w ater infiltration, aeration and  subsequen t p lan t 
growth.
In the  past, it h a s  been accepted th a t SAR of >13 affects s tru c tu ra l and  
hydraulic properties of soil (Richards, 1954). However, m ore recent au thorities feel th a t 
th is  value m ay need reconsideration because negative soil a ttrib u tes  may occur a t even
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lower values (Crescim anno e t al., 1995). Agassi et al. (1985), C rescim anno et al. (1995), 
McIntyre (1979), an d  Rengasam y e t al. (1984) all propose SAR values greater th a n  five 
to be considered sodic.
C rescim anno e t al. (1995) found an  alm ost linear relationship  between SAR and  
negative soil properties su ch  as  clay swelling an d  dispersion, slaking of unstab le  
aggregates, and  hydraulic conductivity, leading them  to conclude th a t there is no 
critical SAR threshold . They also reported th a t an  effective hazard  of soil quality 
degradation can  be forecasted a t a  2 to 5 SAR range in a  low cationic concentration 
(Crescim anno et al., 1995).
Although no published  a ttem p ts  a t rehabilitating artificial sa lt sites have been 
found there have been efforts to recledm salt-affected agricu ltu ral system s. There has 
been success  in reform ing degraded soil aggregates using  various am endm ents. One of 
these am endm ents is a  synthetic polymer, polyacrylamide (PAM). Helalia and  Letey 
(1988) report th a t PAMs can  stabilize soil aggregates. The aggregates to be stabilized 
m u st have been previously formed or created via a  mixing process (Cook and  Nelson, 
1986). This lengthy process along w ith the high cost of m aterials m akes PAMs 
unattrac tive  (Terry and  Nelson, 1986).
G ypsum , or calcium  sulfate (CaS0 4  • 2 H2O) is commonly used  as a  chem ical 
am endm ent for replacem ent of exchangeable Na* on cation exchange sites. The Ca^+ in 
the gypsum  acts  to replace Na+ on the exchange sites a s  the Na* leaches fu rther into the 
soil su b stra te  and the Ca^* is available for p lan t uptake. Additionally, th is process 
helps the  physical properties of N a*-saturated soils by decreasing dispersion of clay 
particles an d  slaking of aggregates, prom oting flocculation and  subsequently  increasing 
the  am oun t of aggregates p resen t (Richards, 1954).
D espite the fact th a t no study rehabilitating artificial salt licks has  been 
a ttem pted , there have been a  few useful stud ies of anim al use  of salt sites. The wealth 
of publications from agricultural system s concerning rehabilitation of salt-affect soils is 
a  useful tool, however w ilderness soils require a  creative and  different evaluation
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0
because they are not u n d er active agricu ltu ral m anagem ent. One of the prim ary 
concerns of any rehabilitation  a ttem pt on the Teton sa lt sites will be the rem ote location 
and  the laws governing m anagem ent of W ilderness Areas. It would be unfeasible to 
a ttem pt any  intensive m anagem ent program.
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Chapter 2 . Properties o f Salt-A ffected S ites  in  th e T eton  W ilderness.
Abstract
Artificial sa lt licks in the  Teton W ilderness have been created  for hun ting  
pu rposes an d  have caused  a reas of localized dam age. The purpose of th is study w as to 
exam ine an d  characterize these sites. Physical an d  chem ical properties of soils both 
inside an d  outside of sa lt sites were analyzed to com pare differences. Bulk density, pH, 
electrical conductance, organic m atter percentage, and  analysis for concentrations of 
exchangeable sodium  (Na+), calcium  (Ca^+), po tassium  (K*), and  m agnesium  (Mg2+) were 
m easured . It w as found th a t  com paction of the soils h as  the  greatest effect on p lan t 
growth. Significantly higher levels of Na^ were found inside of sa lt sites along with 
lower levels of Mg3+ and  Ca^^. Significantly lower percentages of organic m aterial were 
also found in  salt sites.
Introduction
Creation of sa lt licks in  the Teton W ilderness has  resulted  in adverse im pacts to 
vegetation and  soils. The extent of these im pacts were identified and  studied.
The Wyoming D epartm ent of Game an d  Fish (WDGF) began salting in the Teton 
W ilderness in  1945. This salting w as initiated to a ttra c t elk out of Yellowstone National 
Park into good h ab ita t in the  Teton W ilderness. The WDGF eventually d iscontinued 
salting b u t outfitters and  private sportsm en in the area  were allowed to continue salt 
placem ent u n til it w as outlaw ed in 1990 (Sandetto, 2000).
The m anagem ent of large u ngu la tes  by sa lt placem ent was a  com m on practice 
historically. From the 1920’s u n til the 1950’s every w estern sta te  except Nevada was 
using  sa lt to some ex ten t to try  and  control game m ovements. The m ain goals of these 
salting  program s were to hold anim als on sum m er range and  conserve w inter range 
(Dalke e t al., 1965).
A lthough big gam e naturally  seek salt, some au th o rs  feel a  taste  for salt is 
acquired  w hen it is placed artificially (Rognrud, 1955). A study  of salt consum ption by 
deer in Oregon (Black, 1955) showed increased use  of sa lt each year the study was in
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progress. Black (1955) suggested th a t sa lt consum ption  probably reflects the degree 
th a t  deer have acquired the  sa lt habit.
In stud ies of bo th  n a tu ra l and  artificial sa lt licks, au th o rs  have found th a t 
sodium  (Na*) is the m ain  draw  for anim al u se  (Dalke et al., 1965 an d  Jo n es  and  
H anson, 1985). High levels of po tassium  (K*) in spring forage, particularly  grasses, and  
the  succu len t condition of herbage a t th is  season creates conditions for decreased 
efficiency of tu b u la r resorption  in the kidneys an d  a  diarrheic condition th a t contributes 
to Na"" loss and  a ttra c ts  ungu la tes  to sa lt sites (Weeks, 1974).
Although aquatic  p lan ts  contain  higher am ounts of Na+ th en  terrestria l forage 
(Fraser et al., 1984), the u se  of licks is advantageous because they provide a  more 
efficient m eans of obtaining Na* th a n  aquatic p lants. A moose a t a  lick ingests Na^ 15 
tim es faster th a n  w hen feeding on aquatic p lan ts  (Belovsky, 1978). Also, aquatic p lan ts  
have a  lower energy conten t th an  terrestria l browse species. Therefore, w hen obtaining 
Na* from m ineral licks, moose save time and  energy allowing them  to locate and  feed on 
more n u tritio u s  forage (Miller and  Litvaitis, 1992).
In sim ulated licks investigated by Jo n es  and  H anson (1985), a n  estim ated 
22.7kg of com m on sa lt w as spread on 9.3 m^ annually  from 1953 to 1976. This 
am oun t of sa lt evenly d istribu ted  through  soil to a  depth  of 5 cm (assum ing soil density 
= 1.3 g/cm^) would create a  concentration of 38,000 ppm  Na* for a  single addition. 
However, the  actual concentration of 390 ppm  found there indicates th a t m uch of the 
sa lt had  been leached or consum ed (Jones and  Hanson, 1985).
O utfitters in the  Teton W ilderness have th a t sa lt applications in excess of a  ton 
of sa lt have been placed on individual sites yearly. This would imply concentrations 
m uch larger th a n  the 38,000-ppm  Na+ hypothesized by Jo n es  and  H anson (1985). 
However, ju s t  like Jo n es  and  H anson (1985), concentrations were relatively low in the 
Teton sa lt sites, averaging 815 ppm  Na+.
One of the negative effects of salt placem ent on soil is the  possibility of 
producing salinized soils. Soil salinity is quantified in term s of the total concentration
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of soluble salts. The diagnosis, assessm en t, m anagem ent, and  need for reclam ation of 
saline soils are  evaluated using  inform ation of soil and  w ater salinity (Bresler e t al., 
1982; Lilley, 1982; Lima e t al., 1990; and  Rhoades, 1996). Soil salinity is a  problem in 
th e  lim itation of productivity from certain  soil types th roughou t the  world. The 
accum ulation  of soluble sa lts  in the soil profile restric ts  p lan t growth through the 
increase of osm otic potential of the  soil solution and  inducing specific ion toxicities of 
n u trien t im balances (Bernstein, 1975 and  Bresler et al., 1982).
The USDA developed indices of saline and  sodic soils a s  guidelines for crop 
production (Richards, 1954). A lthough these guidelines have little relevance to natu ra l 
system s, they provide a  benchm ark  from which to judge the salinity and  sodicity of 
Teton soils a s  they are  affected by salting.
Using m easures of electrical conductivity (EC), sodium  absorption ratio (SAR), 
and  soü pH, salt-affected soils are classified as  saline, saline-sodic, or sodic. Electrical 
conductivity is a  m easure  of the dissolved sa lts  in soil solution an d  SAR is calculated 
from relative concentrations of Na+, Ca^+, an d  Mg2+ (Abrol e t al., 1988; Rhoades, 1996; 
and  Rhoades et al., 1999). A saline soil h a s  an  EC > 4 pm hos/cm , SAR < 13, and  pH 
<8.5, a  saline-sodic soil h a s  an  EC > 4 ^m hos/cm , SAR > 13, and  pH <8.5, and  a  sodic 
soil h a s  an  EC < 4 pm hos/cm , SAR > 13, and  pH > 8.5 (Abrol et al., 1988; Rhoades, 
1996; and  Rhoades et al., 1999).
Even if a  soil is not classified a s  sodic or saline u n d er the traditional USDA 
stan d ard s , elevated levels of SAR cau se  several negative soil a ttrib u tes  including 
swelling, p lugging of w ater conducting pores by d ispersed clay, and  slaking of large soil 
aggregates into sm aller aggregates (Abu-Sharar et al., 1987; Barzegar et al., 1996; Cook 
an d  Nelson, 1986; Helalia and  Letey, 1988; and  Zahow an d  Amrhein, 1992). These 
processes in tu rn  prevent root elongation, w ater infiltration, aeration and subsequen t 
p lan t growth.
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T rad itionally , it h a s  been  accep ted  th a t  a n  SAR of >13 affects s tru c tu ra l  a n d  
h y d rau lic  p ro p e rtie s  o f soil (R ichards, 1954). However, a u th o rs  have recen tly  found 
th a t  th is  v a lu e  m ay  n eed  reco n sid era tio n . C resc im an n o  e t al. (1995) found  a n  a lm ost 
lin ea r  re la tio n sh ip  betw een  SAR a n d  negative soil p ro p ertie s  su c h  a s  clay sw elling an d  
d isp e rs io n , s lak in g  of u n s ta b le  aggregates, a n d  h y d rau lic  conductiv ity , lead ing  th em  to 
co n c lu d e  th a t  th e re  is no  critica l SAR th re sh o ld . They a lso  rep o rted  th a t  a n  effective 
h a z a rd  of soil q u a lity  d eg rad a tio n  cou ld  be fo recasted  a t  a n  SAR of 2-5  in  low cation  
c o n ce n tra tio n s  (C rescim anno  e t a l., 1995). A gassi e t al. (1985), M cIntyre (1979), an d  
R engasam y  e t al. (1984) all p ropose  SAR v a lu es  a ro u n d  >5 to  be co n sid e red  sodic.
T ram pling  of th e  soil is  a n o th e r  co n cern  for th is  s tu d y . T ram pling  by u n g u la te s  
c a u s e s  co m paction , w h ich  adversely  affects p la n t grow th  (B rau n ack  a n d  W alker, 1985; 
G reene e t  a l., 1994 a n d  W illatt a n d  P u lla r, 1984). In c reased  com paction  is expected  to 
o ccu r o n  th e  T eton  sa lt s ites , d ec reasin g  w a te r in filtra tion  a n d  roo t e longation  a n d  
c au s in g  le ss  vegeta tion  to  grow.
Along w ith  co m p actio n  a n d  Na* in fluences, o rgan ic  m a tte r  levels will be 
negatively  affected in  s a lt  en rich ed  soils. Levels of organic m a te ria ls  a re  a n  im p o rtan t 
in d ex  for s ite  rec lam atio n . H igher levels of o rganic m ate ria l c a n  im prove soil physica l 
p ro p e rtie s  su c h  a s  w a te r in filtra tion , aggregation , a n d  b u lk  d en sity  (H uang a n d  Lu, 
2 0 0 0  a n d  Logan, 1992). Lower o rgan ic  m a tte r  p ercen tag e  in  sa lt s ite s  is  expected  to 
adversely  in fluence  p la n t grow th.
T he objective of th is  s tu d y  w as to  sam ple  a n d  a s se s s  dam age to soil physica l 
a n d  ch em ica l c h a ra c te r is tic s  of sa lt affected a rea s . M easu rem en ts  in c lu d ed  b u lk  
d en s ity , pH , e lec trica l co n d u c ta n c e , o rgan ic  m a tte r  percen tage , an d  an a ly s is  for 
c o n c e n tra tio n s  of ex ch an g eab le  Na*, Ca^+, K+, a n d  Mg^+ on b o th  affected a n d  ad jacen t 
no n -affec ted  a re a s  (controls).
S tu d y  A rea
L aborato ry  a n d  field m e a su re m e n ts  w ere perform ed on  soil sam p les  collected 
from  sa lt-a ffec ted  s ite s  in  th e  T eton  W ilderness of th e  B ridger-T eton N ational Forest.
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T h e se  s ite s  w ere loca ted  ju s t  s o u th  of th e  Y ellow stone N ational P a rk  b o u n d a ry  rang ing  
in  lo ca tio n  from  a  few m e te rs  to  several m iles aw ay from  th e  b o u n d a iy . A ppendices 1 
a n d  2 show  location  a n d  UTM co o rd in a tes  for all s ites . The s ite s  w ere located  in  th e  
b o tto m s of th e  W ash ak ie  a n d  A b saroka  R anges a n d  in  w ith in  th e  u p la n d s  of th e  
W ash ak ie  R ange. T he b o tto m lan d  s ite s  w ere form er glacial till d ep o s its  a n d  th e  u p lan d  
s ite s  h a d  re s id u a l vo lcan ic  conglom erate  p a re n t m ateria l. E levation  for s a lt  s ites  ran g ed  
from  2 3 9 3  to  2 9 1 5  m e te rs . M ean a n n u a l  te m p e ra tu re  is  2.4" C a n d  p rec ip ita tio n  is 
20 .7  cm .
M ateria ls an d  M eth od s
S ite s  w ere lo ca ted  u s in g  a  co m b in a tio n  of m a p s  provided by p a rk  ran g e rs , p rio r 
know ledge o f s ite s  by ra n g e rs  a n d  o u tfitte rs , GPS coo rd ination , a n d  topograph ical 
m ap s. In itially  to ta l a re a  (in m eters) in fluenced  by sa lt w as de term ined . T he zone b are  
of v eg e ta tio n  d e lin ea ted  th e  site. Next th e  d e p th  of d is tu rb a n c e  w as m e asu re d  by 
s tre tc h in g  a  ta p e  m e a su re  tig h t a c ro ss  th e  site  th e n  m e a su rin g  th e  d ep th  to  th e  bo ttom  
of th e  pit. At e ach  s ite , six sam ple  p o in ts  w ere identified . T hree w ere located  inside  of 
th e  affected  a re a  w hile th re e  w ere o u ts id e  in  a n  unaffec ted  control. At all six of th ese  
p o in ts , sam p le s  w ere collected  a n d  m e a su re s  of b u lk  den sity , e lectrical conductiv ity , 
a n d  pH  w ere tak en .
B u lk  d e n s ity  w as d e te rm in ed  in  th e  field on  th e  firs t 15 cm  of m in era l soil u s in g  
th e  slide h a m m e r core m eth o d  (Culley, 1993). A 5 g  rep resen ta tiv e  sam p le  w as th e n  
d ilu ted  to  50m L  soil so lu tio n  w ith  deionized w a te r  a t  e ach  po in t. E lectrical conductiv ity  
w as m e a s u re d  on th is  so lu tio n  w ith  a  CON 5 se ries  A corn M eter a n d  recorded  in  pm hos 
p e r  cen tim e te r.
U sing  th e  m e th o d  d escrib ed  by T h o m as (1996), pH w as m e a su re d  on  each  
sam p le . A 10-gram  rep resen ta tiv e  sam ple  w as d ilu ted  w ith  20  m L of 0 .01 M  CaCla, 
s tir re d  for 30 seco n d s, left to  s ta n d  for 5 m in u te s  a n d  th e n  soil pH w as m easu red .
E x ch an g eab le  Na+, Ca^+, K+, a n d  Mg^+ co n ce n tra tio n s  w ere d e te rm in ed  on  each  
sam p le . T h ese  e lem en ts  a re  u se d  in  d e te rm in in g  th e  e x ten t o f sa lin ity  a n d /o r  sodicity
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of so ils (B ernste in , 1975; J a n z e n , 1993; a n d  R hoades, 1996). They have been  th e  
p rim ary  e le m e n ts  an a ly zed  in  several s tu d ie s  on  b o th  artific ial a n d  n a tu ra l  sa lt s ites  
(A braham s, 1999; F ra se r , 1985; Klein a n d  Thing, 1989; M iller a n d  Litvaitis, 1992; amd 
S c h u ltz  a n d  J o h n s o n , 1992).
Soils w ere f irs t d ried  a t  100° C th e n  p a sse d  th ro u g h  a  2m m  sieve. A 10-gram  
su b sa m p le  w as  m ixed  w ith  35m L of 1.0 M N H 4 CI a n d  sh a k e n  for a n  h o u r. The sam ple  
w as  filtered  th ro u g h  a  W h a tm an n -4 2  filter p ap e r  a n d  b ro u g h t to  lOOmL w ith  1.0 M 
NH4 CI in  a  v o lu m etric  flask . A dding 1.0 M N H 4 CI to  th e  soil sam ple  a c ts  to  s a tu ra te  the  
ca tio n  ex ch an g e  s ite s  w ith  NH4* a n d  re lease  all so rb ed  c a tio n s  in to  so lu tion . The 
e x tra c t w as  th e n  s to red  in  a  re frigera to r u n til  ca tion  an a ly s is  cou ld  be m ad e  on  a n  
atom ic  ab so rp tio n  sp ec tro p h o to m e te r (AAS) (Rhoades, 1996).
T he SAR w as  ca lc u la te d  u s in g  th e  following equation : SAR= [Na*] /  ((Ca^+ +
Mg2*)|0 5, w here  co n c e n tra tio n s  a re  in  m eq /L  (Jan zen , 1993). The SAR is  u se d  to 
d e te rm in e  sodicity  o r re lative so d iu m  s ta tu s  of soil so lu tio n s  o r a q u e o u s  ex tra c ts  
(R hoades e t a l., 1999).
Soil o rgan ic  m a tte r  w as e s tim a te d  by lo ss  of m a ss  on ign ition  a t  440° C. A bout 
5g of sieved soil sam p le  w as p laced  in  a  po rce la in  co n ta in e r a n d  w eighed. Next th e  
sa m p le s  w ere p laced  in  th e  m uffle fu rn ace  a t 440° C a n d  h e a te d  overn igh t (16 hours). 
They w ere  th e n  cooled in  a  d es icca to r a n d  w eighed again . The p ercen tag e  of w eight lost 
w as d e te rm in e d  to be o rgan ic  m a tte r  (Kalra an d  M anyard , 1991).
A verages from  th e  th re e  con tro l a n d  ce n te r  loca tions from  each  p lo t w ere 
ca lc u la te d  a n d  pa ired . They w ere th e n  te s te d  for a  n o rm al d is tr ib u tio n , m eeting  the  
a s s u m p tio n s  of a  t- te s t. A d e p e n d e n t t - te s t  w as ra n  to see if th e  average of th e  
d ifferences w a s  zero. T h is  is  p seu d o -p a irin g  before a n d  a fte r  tre a tm e n t a ssu m in g  th e  
co n tro l a n d  s a lt  site  c e n te r  a re  of th e  sam e  soil origin (Sokal a n d  Rohlf, 1981).
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R e su lts
D u rin g  th e  fall o f 2 0 0 0  (S ep tem ber 1- O ctober 10), 29 sa lt  s ite s  w ere identified  in  
th e  T h o ro u g h fa re  a n d  Fox P a rk  a re a s  of th e  T eton  W ilderness. However, a fte r 
re ex am in in g  th e  s ite s  in  th e  sp rin g  of 2001 , n in e  of th e  s ites  w ere fo u n d  n o t to be tru e  
sa lt  s ite s  b u t  d ried  u p  m a rsh e s  in  th e  fall, w h ich  exh ib ited  s im ilar c h a rac te r is tic s  to sa lt 
s ites .
T he su m m e r  of 2001  w as sp e n t sea rch in g  for ad d itio n a l sa lt s ite s  a n d  rev isiting  
all excep t for two of th e  s ite s  for fu r th e r  sam pling , GPS coo rd ination , a n d  m onito ring  
ch an g es . In  all, seven  new  s ite s  w ere found . Table 2.1 show s elevation, a sp ec t, slope, 
h a b ita t,  p e rcen tag e  s a n d  s ilt a n d  clay, a n d  soil g rea t g roup  for a ll s ite s  identified. S ites 
w ere from  a  v arie ty  of locations, ran g in g  in  elevation from  2393  to  2915  m eters. There 
w ere five fo res ted  s ite s  a n d  th e  r e s t  w ere all in  open  m eadow s. A m ajority  of th e  s ites  
w ere fo u n d  in  fla t locations.
Table 2.1. G eneral characteristics o f sa lt  affected s ite s  in  th e  Teton W ilderness.
S ite E lev a tio n  (m) A sp ect % S lop e H abitat % S a n d /C la y /S ilt Great Group
1 23 9 3 F la t 0 M eadow 2 /4 2 /5 6 H aplocryolls
2 23 9 6 F la t 0 M eadow 2 0 /3 0 /5 0 H aplocryolls
3 2421 F la t 0 M eadow 1 0 /5 4 /3 6 H aplocryolls
4 2409 F la t 0 M eadow 6 4 /1 6 /2 0 H aplocryolls
5 2 4 0 5 N orth 5 M eadow 6 2 /1 6 /2 2 C ryochrep ts
6 2457 S o u th e a s t 20 M eadow 4 2 /3 4 /2 4 H aplocryolls
7 2409 Flat 0 M eadow 2 6 /3 8 /3 6 H aplocryolls
8 2409 Flat 0 F orest 4 2 /2 0 /3 8 C ryochrep ts
9 2817 S o u th w est 5 Alpine M eadow 3 8 /2 4 /3 8 C ryochrep ts
10 2 8 1 7 Flat 0 Alpine M eadow hum ic M edisaprists
11 2561 F lat 0 M eadow 6 0 /2 0 /2 0 C ryochrep ts
12 2 4 3 6 S o u th 10 M eadow 4 2 /3 2 /2 6 Haplocryolls
13 2 4 2 4 F lat 0 M eadow 7 6 /1 2 /1 2 Haplocryolls
15 2482 F lat 0 Forest 4 4 /2 8 /2 8 C ryochrep ts
17 2561 F lat 0 F orest 3 4 /3 2 /3 4 C ryochrep ts
18 2555 W est 15 M eadow 2 6 /3 4 /4 0 C ryochrep ts
19 2 7 1 0 E a st 15 Forest 1 8 /4 4 /3 8 C ryochrep ts
22 2 7 0 7 F lat 0 M eadow 3 2 /2 8 /4 0 C ryochrep ts
25 2 7 9 0 N orthw est 25 Alpine M eadow 4 0 /2 2 /3 8 C ryochrep ts
26 2 7 9 0 N orthw est 25 Alpine M eadow 5 0 /1 6 /3 4 C ryochrep ts
30 2 9 1 5 N orth 15 F orest 3 5 /2 2 /4 3 C ryochrep ts
31 2 7 6 8 F lat 0 Alpine M eadow 3 8 /1 8 /4 4 C ryochrep ts
32 2 8 0 5 F lat 0 Alpine M eadow 4 /5 3 /4 3 C ryochrep ts
33 2671 F lat 0 M eadow 4 4 /2 0 /3 6 C ryochrep ts
34 2683 Flat 0 M eadow 2 9 /3 2 /3 9 C ryochrep ts
35 2823 W est 5 Alpine M eadow 4 9 /1 0 /4 1 C ryochrep ts
36 2 8 2 0 F lat 0 Alpine M eadow 5 1 /1 4 /3 5 C ryochrep ts
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T he len g th , w id th , average d ep th , a n d  e s tim a ted  a re a  of each  site a re  given in  
T ab le  2 .2 . T he a re a s  of th e  s ite s  varied  from  657  to  20 m^ a n d  from  65 cm  deep  to  little 
o r n o  d ep ress io n .
sa lt s ite  m easu red  in  the Teton W ilderness.Table 2.2
S ite L en gth  N-S (m) W idth E-W (m) D ep th  (cm) Area (m^)
1 24 .9 19.0 0 473.1
2 13.8 14.8 0 204 .2
3 19.8 12.4 65 245 .5
4 10.8 10.6 23 .5 114.5
5 11.3 19.0 53 214 .7
6 13.4 9 .5 51 127.3
7 9.1 9 .6 56 87 .4
8 2.2 9 .2 11 20.2
9 10.0 8.4 27 84 .0
10 15.5 4 2 .4 11 657 .2
11 7 .4 6 .4 28 47 .4
12 7 .7 3.5 22 2 7 .0
13 9 .0 10.9 32 98.1
15 10.5 18.4 0 193.2
17 20 .4 26 .4 0 538 .6
18 18.4 11.6 23 213 .4
19 13.6 30 .0 20 4 0 8 .0
22 12.8 23 .0 32 294 .4
25 16.7 28 .7 44 479 .3
26 16.1 15.6 32 251.2
30 21 .3 12.2 15 259 .9
31 11.7 7.1 26 83.1
32 8.6 4 .4 29 37 .8
33 12.9 17.4 24 224 .5
34 12.4 8 .8 24 109.1
35 9.1 5.9 11 53 .7
36 10.7 7.8 0 83 .5
A verage 13.0 14.5 24 .4 20 8 .5
Table 2.3. S ite center and  control averages, standard error, and p -va lu es for variab les m easured  on  salt- 
affected s ite s  in  th e  Teton W üdem ess.
Variable S ite  C en ter C ontrol p-value
E lectrica l C o n d u c tan c e  (pm hos/cm ) 
Soil pH
O rganic M a tte r  %
B ulk  D en sity  (g/cm ^)
S od ium  A dsorp tion  Ratio 
S od ium  C o n c e n tra tio n  (ppm) 
P o ta ss iu m  C o n c e n tra tio n  (ppm) 
M ag n esiu m  C o n ce n tra tio n  (ppm) 
C alc ium  C o n ce n tra tio n  (ppm)
0.39  ± 0 .08  
4 .98  ± 0 .09  
7.88  ± 2 .25  
1.16 ± 0 .05  
10.4 ± 4 .30  
756 ± 111 
425 ± 61 .7  
391 ± 91 .3  
1212 + 161
0 .10  ± 0 .02  
4.81 ± 0 .08  
12.5 ± 1.53 
0.82  ± 0 .04  
0 .4 8  ± 0 .13  
81.7  ± 10.6  
519 ± 82.1  
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Figure 2.1. Average cation con cen tration s for all sa lt s ite s  m easu red  in  the Teton W ilderness. Error bars 
rep resen t standard  errors for each  m easure.
A su m m a ry  of average v a lu es  for v ariab les  m ea su red  is given in  Table 2.3.
T here w a s  a  s ig n ifican t d ifference betw een  sa lt s ites  a n d  co n tro ls  for eill m ea su red
v a riab le s  ex cep t for co n cen tra tio n . The s tro n g e s t a sso c ia tio n s  w ere fo u n d  for b u lk
d en s ity  a n d  c o n ce n tra tio n s  of Na+, Mg2+, a n d  Ca^*. F igure 2.1 i l lu s tra te s  d ifferences in
ca tio n  c o n c e n tra tio n s  betw een  site  c e n te rs  a n d  con tro ls .
F igu re  2 .2  sho w s average EC v a lu es  for each  sa lt site  in  jim h o s/cm . The
s ta n d a rd  e r ro r  is  re p re se n te d  o n  e ach  e rro r  b ar. M ost v a lu es  w ere relatively low, w ith
EC > one  a t  th re e  s ites .
Soil pH  is given for e a ch  site  in  F igure 2.3. T here w as little  variab ility  in  pH. Six
of th e  c o n tro ls  h a d  h ig h e r  pH a n d  all s ite s  w ere som ew h at acidic.
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Figure 2.4. Mean organic matter percent of each salt site identified in the Teton Wilderness. Sites with * are based on only one observation. Error bars represent
standard error.
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toFigure 2.8. Mean exchangeable potassium concentration of each salt site identified in the Teton Wilderness. Sites with * are based on only one observation. Error ^
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F tg » , 2.9. Mean exchangeable magnesium cnncenuaüon nf each sali . t e  idendiied in the Teton Wilderness. Site» with • ate based on only one observation. Error
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Figure 2 .10. Mean exchangeable calcium concentration 
bars represent standard error.
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ion of each salt site identified in the Teton Wilderness. Sites with * are based on only one observation. Error
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O rgan ic  m a tte r  p e rcen tag e  is  d isp layed  in  F igure 2.4 . T here  w as little  v aria tion  
in  OM% w ith  on ly  tw o of th e  v a lu es  falling below  16%. All b u t  two of th e  s ite s  (10, 8 ) 
h a d  h ig h e r  OM% in  co n tro ls  th a n  w ith in  sites.
A verage b u lk  d en s ity  (BD) in  g /cm ^ for e ach  site  is  show n in  F igure 2 .5 . Again, 
s ite s  8  a n d  10 a re  th e  an o m alies , being  th e  only o n es  w ith  h ig h er BD in  th e  contro ls. 
T h is  m ay  be a  reflection  of th e  single sam p lin g  a t  th ese  sites.
S o d iu m  a b so rp tio n  ra tio s  (SAR) a re  show n in  F igure 2.6. AU w ith in  site  values 
w ere h ig h e r  th a n  th e ir  respective  co n tro ls  for SAR. W ith th e  exception  of s ite s  35 a n d  
36 , a ll SAR v a lu e s  w ere below  20. O nly four s ites  h a d  SAR v a lu es  over 10, w ith  13 
be in g  co n s id e red  th e  low er lim it for sodicity  s ta tu s .
E x c h an g eab le  Na+, K+, Mg^+, a n d  Ca^+ co n ce n tra tio n s  a re  given in  ppm  in  
F ig u res  2 .7 -2 .1 0 . S od ium  c o n c e n tra tio n s  exh ib ited  m u c h  v aria tio n  from  site  to  site. All 
site  c e n te rs  h a d  h ig h e r Na* c o n ce n tra tio n s  th a n  th e ir  con tro ls . P o tass iu m  
c o n c e n tra tio n s  a lso  h a d  v arie ty  o n  a  p e r  site  b as is . E leven of th e  29 s ites  h a d  h ig h er 
c o n c e n tra tio n s  w ith in  s ite s  w hile th e  o th e r  18 h a d  h ig h er co n c en tra tio n s  in  contro ls. 
M agnesium  v a lu e s  w ere h e te ro g en eo u s  from  site  to site. O ne tre n d  w as th a t  all b u t  
fo u r of th e  s ite s  h a d  h ig h e r  Mg^* c o n c en tra tio n s  in  th e  co n tro ls  th a n  in  s ite  cen te rs. 
C alc ium  c o n c e n tra tio n s  show ed v a ria tio n  from  site  to site  b u t  th e re  w as a  s tro n g  
tre a tm e n t effect a s  a ll b u t  two of th e  s ite s  h a d  low er Ca^* c o n ce n tra tio n s  in  th e ir  plot 
c e n te rs  th a n  th e ir  con tro ls.
D isc u ss io n
U pon  find ing  each  of th e  sa lt affected s ite s , it w as a p p a re n t th a t  several of th em  
w ould  d isp la y  sign ifican tly  d ifferen t c h a rac te r is tic s  th a n  th e ir  p a ired  con tro ls. T h is w as 
d u e  to  th e  fac t th a t  visibly, m o st of th e  s ites  w ere large m o o n -c ra te r  ap p ea rin g  
d e p re ss io n s  in  th e  g ro u n d  w here  u n g u la te s  h a d  been  e a tin g  a n d  tra m p lin g  th e  soil.
A lthough  c a tio n s  m e a su re d  w ere significantly  d ifferen t in  s ite  c e n te rs  th a n  
c o n tro ls  for Na*, Mg^*, a n d  Ca^*, th e ir  a lte red  c o n c en tra tio n s  a re  n o t o u t of th e  ran g e  for 
n o rm a l p la n t  grow th. No s ite s  h a d  EC v a lu es  g rea te r  th a n  4 p m h o s /c m , therefore
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
33
e lim in a tin g  all s ite s  from  classifica tion  a s  sa line  o r sa line-sod ic  a s  defined  by th e  USD A 
for a g r ic u ltu ra l p u rp o se s  (Abrol e t  a l., 1988 a n d  R hoades e t al., 1999). Only th re e  of 
th e  27 s ite s  m e a su re d  h a d  SAR v a lu es  g rea te r  th a n  13 a n d  cou ld  be classified  a s  sodic.
W h en  ex am in in g  s ite s  a s  a  com bined  w hole, th e  average SAR value of 10.4 c an  
be m is lead in g  co n s id e rin g  th e  exceptionally  h igh  v a lu es  for th e  final two s ite s  w ere 43 
a n d  109. W ith  ju s t  th e  la rg e s t va lue  excluded , th e  average becom es 6 .4 3  a n d  w ith  bo th  
th e  o u tlie rs  exc luded , th e  m e an  va lue  becom es 4 .87 . W ith  th e  exception of a  few sites, 
th e  SAR v a lu e s  a re  low. The re a so n  for th e se  relatively  low SAR valu es  con sid e rin g  th e  
a m o u n t o f s a lt  ad d e d  a n n u a lly  to th e  s ite s  is leach ing  lower in  th e  soil profile o r 
c o n su m p tio n  by a n im a ls  (Jo n es  a n d  H an so n , 1985).
T he th re e  s ite s  th a t  m e t th e  sodic c lassifica tion , s ite s  15, 35 , a n d  36 w ere all 
visibly active  a n d  a p p e a re d  new er th a n  a  m ajo rity  of th e  sites. T here  w ere no ticeab le  
fre sh  sc ra p in g s  on all th re e  s ite s  a n d  th e re  w as found  fresh  sa lt b locks on  site  36, 
w h ich  m ay  ex p la in  i t ’s ab n o rm ally  large SAR value.
A lthough  few s ite s  h a d  h igh  en o u g h  SAR to  be classified  a s  sodic, lower SAR 
v a lu e s  th a n  trad itio n a lly  recognized  a s  d e tr im e n ta l m ay have sign ifican t affects  on  soil 
p ro p e rtie s  (Agassi e t a l., 1985, C resc im an n o  e t al., 1995, M cIntyre 1979, a n d  
R en g asam y  e t a l., 1984). O f th e  s ite s  s tu d ied , over h a lf  (14) h a d  SAR > 5, w hich  h a s  
b een  su g g e s te d  a s  a  b e tte r  th re sh o ld  for sodicity  (Agassi e t a l., 1985, C resc im an n o  et 
a l., 1995, M cIntyre 1979, a n d  R engasam y  e t a l., 1984). However, m o st ex p erim en ts  
have b een  c a rrie d  o u t  in  a lab o ra to ry  a n d  d ea lt w ith  soil c h a ra c te r is tic s  a n d  n o t p lan t 
grow th. T herefore , SAR v a lu es  a n d  su b se q u e n t levels of ex changeab le  Na+ alone  can n o t 
exp la in  th e  lack  of p la n t grow th  a c ro ss  all sites.
It sh o u ld  be s tre s se d  ag a in  th a t  th e  USD A c lassifica tion  system  for sa line  a n d  
sodic so ils  a re  tra d itio n a lly  u se d  in  ag ric u ltu ra l sy stem s. They m ay n o t necessarily  
ap p ly  to  n a tu r a l  sy s tem s  b u t  serve a s  a  tool for a s se s s in g  th e  Na+ s ta tu s  of sa lt sites. 
T he o b se rv ed  SAR v a lu e s  d e m o n s tra te  Na* c o n c en tra tio n s  fa r in  excess of w h a t is
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o b serv ed  n a tu ra lly . T h ese  c o n c en tra tio n s  (alm ost lOx greater) su g g est th a t  w hen  
v eg e ta tio n  is  e s ta b lish e d , it m ay  prove to be h a lophy tes.
T h ese  SAR v a lu e s  su g g e s t im b a lan ces  of b ase  ca tio n s  in  sa lt-affected  soils. The 
low er Csfi* a n d  Mg2* levels a re  p robab ly  d u e  to th e  in tro d u c tio n  of excess  Na^ w hich  
d isp la c e s  b o th  c a tio n s  off of th e  exchange s ite s  th ro u g h  m a ss  a c tio n  an d  Ca^+ a n d  Mg^+ 
a re  lo s t to  leach ing . C alc ium  in  p a r tic u la r  h a s  b een  show n to p rom ote flocculation  of 
c lays b e c a u s e  it  ta k e s  o n  le ss  of a  h y d ra te d  ra d iu s  th a n  Na* a n d  therefo re  in itia te s  
reb u ild in g  of soü  s tru c tu re .
O rgan ic  m a tte r  w as  sign ifican tly  lower in  s ite s  com pared  to  con tro ls . The only 
s ite s  in  w h ich  OM % w as  h ig h er w ith in  s ite s  w ere 8  an d  10, b o th  of w hich  only h a d  one 
sam p le  p o in t, w h ich  m ay  be a  fu n c tio n  of w here th e  sam ple  w as ta k e n  a n d  n o t th e  site 
itself. As s a lt  is  p laced  o n  th e  soil a n d  rea c ts  w ith  th e  o rgan ic  co m p o n en ts , u n g u la te s  
e a t th a t  reac tive  soil p o rtio n  a n d  expose th e  m in era l layers  u n d e rn e a th  (Jo n es  an d  
H an so n , 1985).
O rgan ic  m a te r ia ls  p rom ote  m an y  positive soil c h a ra c te r is tic s  s u c h  a s  in creased  
c a tio n  ex ch an g e  cap ac ity , w a te r ho ld ing  capacity , a n d  p rom ote  fo rm ation  of s tab le  
s tru c tu re  (Logan, 1992). In c reased  levels of OM w ould  add itiona lly  s tim u la te  m icrobial 
activ ity  a n d  c rea te  b in d in g  s ite s  for th e  ad d ed  s a lts  (B arker e t  al., 2000). However, 
d ec re a se  in  o rgan ic  co m p o n en ts  a lone do es  n o t a c c o u n t for th e  lack  of p la n t grow th on 
s a lt  s ites .
T he in c re a se  of soil b u lk  d en s ity  o n  sa lt  s ite s  d u e  to rep ea ted  tram p lin g  an d  
co m p ac tio n  of affected  soils by large  u n g u la te s  is  one of th e  m a in  re a so n s  for lack  of 
p la n t g row th . T h is c a u s e s  soil ag g reg a tes  to  b re a k  dow n, low er w a te r in filtra tion , a n d  
d e c re a se d  ro o t e longation . U nder co n d itio n s  w ith o u t rep ea ted  tram p lin g , p la n ts  w ould 
ev en tu a lly  re e s ta b lish  th em selv es (B rau n ack  a n d  W alker, 1985; G reene e t al., 1994; 
a n d  W illa tt a n d  P u lla r, 1984).
T ram p lin g  le sse n s  th e  c h a n c e s  of p la n t re e s ta b lish m e n t a n d  therefore h in d e rs  
a c c u m u la tio n  of OM. P la n t e s ta b lish m e n t w ould  ae ra te  th e  com pacted  portion  of th e
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soil, allow ing w a te r  m ovem en t a n d  leach in g  of excess sa lt on  severely affected s ites  
(B ra u n a c k  a n d  W alker, 1985; G reene e t a l., 1994; a n d  W illatt a n d  P u lla r, 1984). 
C o n c lu s io n s
A rtificial s a lt  licks in  th e  T eton  W ilderness d id  n o t a p p e a r  to  be adversely  
affected  by  an y  specific toxicity  from  ch an g ed  levels of ex changeab le  sa lt 
c o n c e n tra tio n s . The relatively  low levels of exchangeab le  sa lt co n c en tra tio n s  c a n  be 
ex p la in ed  b o th  by s a lt  leach in g  in to  low er soil layers a n d  ing estio n  by u n g u la te s .
R ep ea ted  tra m p lin g  by elk  a n d  o th e r  large u n g u la te s  a p p e a rs  to be th e  single 
m o st im p o rta n t fac to r in h ib itin g  p la n t grow th  on th e  s ite s  s tu d ied . A ddition of Ca^* a n d  
p e rh a p s  o rg an ic  a m e n d m e n ts  will likely speed  u p  recovery of th e se  d is tu rb e d  sites. Any 
a t te m p ts  a t  re h a b ilita tin g  th e se  s ite s  n eed  to  firs t e lim inate  sa ltin g  a n d  th e n  tak e  in to  
c o n s id e ra tio n  th e  u s e  by an im a ls , th erefo re  fencing  off s ite s  to  p ro h ib it tram p lin g  w ould 
likely be  a  p re req u is ite .
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C h ap ter 3 . R e h a b ilita tio n  S tu d y  o f  S a lt-A ffected  S ite s  in  th e  T eto n  W ilderness. 
A b stra ct
A rtificial sa lt licks in  th e  T eton  W ilderness have b een  c re a te d  for h u n tin g  
p u rp o se s  a n d  have c a u se d  large a re a s  of localized dam age. The p u rp o se  of th is  s tu d y  
w as  to  te s t  th e  p o ten tia l for rec lam atio n  of s a lt  affected soils. E x p erim en ta l p lo ts  were 
c re a te d  o n  s a lt  s ite s  u s in g  a  2 x2  fac to ria l com b in atio n  of a  con tro l, ae ra tio n , an d  
g y p su m  am e n d m e n t. S ites  w ere seeded  w ith  b u n c h g ra ss  a n d  a n  organic m u lch  w as 
p laced  o n  th e  su rfac e  of all p lo ts. At th e  en d  of one grow ing seaso n , p lo ts  w ere rev isited  
a n d  an a ly zed  for b u lk  d en sity , pH, e lectrical c o n d u c tan c e  (EC), exchangeab le  sod ium  
(Na*) a n d  ca lc iu m  (Ca^*) co n c en tra tio n s , a n d  w a te r s tab le  aggregates. No significant 
q u a n tity  of v egeta tion  w a s  e s ta b lish e d  on th e  p lo ts, possib ly  d u e  to th e  sh o rt d u ra tio n  
of th e  s tu d y  o r th e  e x te n t of com paction  of affected sites. S ign ifican t in c reases  w ere 
observed  in  Ca^* c o n c e n tra tio n s  a n d  EC on p lo ts  w ith  gypsum  am en d m en ts . 
In tro d u ctio n
C rea tio n  of artific ia l sa lt licks in  th e  T eton  W ilderness h a s  c rea ted  adverse  
im p a c ts  to  v egeta tion  a n d  soils. T he ex ten t of th e se  im p ac ts  w ere identified  a n d  
s tu d ied . T he following d o c u m en t p re se n ts  p o ten tia l rec lam atio n  ap p ro ach es .
T he W yom ing D e p a rtm e n t of G am e a n d  F ish  b eg an  sa ltin g  in  th e  T eton  
W ild ern ess  in  1945. T h is sa ltin g  w as firs t s ta r te d  to  a t t r a c t  elk  o u t of Y ellowstone 
N ational P a rk  in to  seem ingly  good h a b ita t  in  th e  T eton  W ilderness. The G am e a n d  F ish  
D e p a r tm e n t ev en tu a lly  d isco n tin u ed  sa ltin g  b u t o u tfitte rs  a n d  priva te  sp o rtsm en  in th e  
a re a  w ere allow ed to  c o n tin u e  s a lt  p lacem en t u n til it w as ou tlaw ed  in  1990 (Sandetto , 
2000).
T he m a n a g e m e n t of large wild gam e by p lacem en t of s a lt  h a s  h isto rically  been  
com m on . F rom  th e  1920 's  u n til  th e  1950’s  every w es te rn  s ta te  excep t N evada w as 
u s in g  s a lt  to  som e e x te n t to try  a n d  con tro l gam e m ovem ents. The m ain  goals of th ese
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sa ltin g  p ro g ra m s  w ere to  ho ld  a n im a ls  on su m m er ran g e  a n d  conserve w in te r ran g e  
(D alke e t  a l., 1965).
In  s tu d ie s  of b o th  n a tu ra l  a n d  artific ial sa lt licks, a u th o rs  have found  th a t  
so d iu m  (Na*) is  th e  m a in  d raw  for an im al u se  (Dalke e t a l., 1965 a n d  J o n e s  a n d  
H an so n , 1985). H igh levels of p o ta ss iu m  in  sp rin g  forage, p a rticu la rly  g ra sses , a n d  th e  
s u c c u le n t co n d itio n  of h e rb ag e  a t  th is  se a so n  c re a te s  co n d itio n s  for d ecreased  efficiency 
of tu b u la r  re so rp tio n  in  th e  k id n ey s a n d  a  d ia rrh e ic  cond ition  th a t  c o n tr ib u te s  to  Na* 
lo ss  a n d  a t t r a c ts  u n g u la te s  to  s a lt  s ite s  (W eeks, 1974).
C rea tin g  artific ia l sa lt s ites  req u ire s  in tro d u c in g  Na* in to  th e  soil so lum . W hen 
Na* is  f irs t in tro d u ce d  in to  soil so lu tion , it will occupy th e  ca tion  exchange  s ite s  w here 
o th e r  n u tr ie n ts  m ay  h av e  previously  b een  availab le for p la n t u p ta k e . As Na* becom es a  
p re d o m in a n t c a tio n  in  th e  soil, defloccu lation , o r clay d isp e rs io n  occu rs , w hich  re su lts  
in  p o o r p h y sica l p ro p e rtie s  s u c h  a s  low perm eab ility , re s is ta n ce  to  roo t p en e tra tio n , a n d  
p o o r a e ra tio n . T he lack  of p erm eab ility  fu rth e r  re d u ce s  th e  a m o u n t of s a lts  th a t  c a n  be 
leach ed  in to  low er soil lay e rs  from  above (B ernstein , 1975).
D efloccu lation  a lo n g  w ith  tram p lin g  by u n g u la te s  re su lts  in  heavily  com pacted  
a re a s  w ith  m in im al p la n t grow th. C om paction  h a s  b een  show n to be  a  p rob lem  in 
m an y  a re a s  w h ere  s to ck  tra m p lin g  o ccu rs. R epeated  tram p lin g  by large u n g u la te s  
c a u s e s  fu r th e r  co m p ac tio n  a n d  b reak d o w n  of soil physica l p ro p ertie s  beyond  w h a t is 
c a u se d  by  so d iu m  in  th e  soil (G reene e t a l., 1994 a n d  W illatt a n d  P ullar, 1984).
C o m paction  will fu r th e r  ex ace rb a te  sa lt  s ite  im p a c ts  a n d  m ake reh ab ilita tio n  
difficult. N egative effects of co m p actio n  have been  show n to  be ev iden t for 16 y ea rs  
a fte r  rem oval o f g razing  sh eep  (B rau n ack  a n d  W alker, 1985). In  fo rest soils w here 
logging h a s  o ccu rred , p la n t reg row th  following com paction  c a n  tak e  anyw here  from  5- 
15 y e a rs , d ep en d in g  o n  soil type a n d  com paction  severity  (Blake e t al., 1976 a n d  
G reacen  a n d  S a n d s , 1980). Som e m e a su ra b le  ad v erse  s ig n s of com paction  have been  
re p o rte d  over fifty y e a rs  a f te r  logging o p e ra tio n s  ceased  (G reacen  a n d  S an d s , 1980). 
W ith o u t re p e a ted  u se  on  heavily  co m p acted  sa lt s ite s , it is likely th a t  p la n t
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re e s ta b lis h m e n t w ou ld  ta k e  several y ears. However, rep ea ted  tram p lin g  of soil wiU 
c a u se  vegeta tive  reg en e ra tio n  to  tak e  co n sid e rab ly  longer.
An im p o rta n t m a n a g em e n t co n sid e ra tio n  for m itigating  com paction  effects is 
ap p ly in g  a n d /o r  red u c in g  th e  a m o u n t of o rgan ic  m a tte r  lo st from  soil. T h is  is  especially 
im p o r ta n t in  san d y  so ils w h ich  a re  a lm o st en tire ly  d ep en d e n t u p o n  organ ic  m a tte r  for 
n u tr ie n ts ,  c a tio n  ex ch an g e  capac ity , w a te r re ten tio n , a n d  re s is ta n ce  to com paction .
After so ils  h av e  a lread y  b een  com pacted , m ech an ica l loosen ing  is  a n  im p o rtan t p ractice  
(G reacen  a n d  S a n d s , 1980).
Som e ch em ica l a m e n d m e n ts  hav e  b een  ad d ed  to com pacted  soils to  im prove 
th e ir  p h y s ica l p ro p ertie s . W ater so luble, sy n th e tic  polym ers have been  app lied  to 
co m p ac ted  a n d  c lay -d isp e rsed  so ils a n d  have h a d  p rom ising  re su lts  in  stab iliz ing  
ag g reg a tes  a n d  im proving  d es irab le  soil c h a ra c te r is tic s  (Cook a n d  N elson, 1986 a n d  
Zahow  a n d  A m rhein , 1992). T hese  po lym ers have n o t b een  u s e d  com m ercially  for 
agg regate  s tab iliza tio n  d u e  to  th e ir  h igh  co s t a n d  th e  difficulty app ly ing  th em  properly  
(H elalia a n d  Letey, 1988 a n d  T erry  a n d  N elson, 1986).
G y p su m  is a n o th e r  chem ica l am e n d m e n t u se d  in  recla im ing  co m p acted  an d  
sodic so ils  (S an so m  e t a l., 1998 a n d  S c h u m a n  e t al., 1994). In  a  s tu d y  by Zahow  a n d  
A m rein  (1992), effectiveness o f gypsum  a n d  sy n th e tic  po lym ers w ere co m p ared  for the  
re c lam a tio n  of sa lin e-so d ic  soils. They fo u n d  th a t  in  soils w ith  sod ium  ab so rp tio n  
ra tio s  (SAR) levels le ss  th a n  13, th e  po lym ers w ere th e  m o st effective a n d  in  soils w ith  
SAR > 1 3  g y p su m  w as  m ore effective (Zahow a n d  A m rein, 1992). T hese re su lts  w ere 
a ttr ib u te d  to  th e  ab ility  of sy n th e tic  po lym ers to red u ce  s lak in g  of clay p a rtic le s  a t  low 
SAR v a lu e s  a n d  g y p su m ’s ab ility  to d isp lace  Na+ a n d  red u ce  clay sw elling a t h ig h er SAR 
v a lu e s  (Zahow  a n d  A m rein, 1992).
G y p su m , o r ca lc iu m  su lfa te  (CaS0 4  • 2 H 2O) rep laces  ex changeab le  Na+ on cation  
ex ch an g e  s ite s  in  sodic soils. T he Ca^+ in  th e  gypsum  rep laces  Na+ a s  it leach es fu rth e r  
in to  th e  soil s u b s tr a te  a n d  th e  Ca^* is  availab le for p la n t u p ta k e . T his a lso  h e lp s  th e
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p h y sica l p ro p e rtie s  o f so d iu m -sa tu ra te d  soils by p rom oting  floccu lation  a n d  in creasin g  
th e  a m o u n ts  o f ag g reg a tes  p re se n t (R ichards, 1954).
M ateria ls an d  M eth od s
Seven  of th e  p reviously  iden tified  sa lt  s ite s  w ere selected  for e s ta b lish m e n t of 
e x p e rim en ta l seed in g  p lo ts  to  d e te rm in e  th e  b e s t m e th o d s  for p la n t grow th. The s ites  
w ere se lec ted  b a se d  o n  th e ir  h ig h  Na* c o n te n t a n d  if th ey  co n ta in ed  s ta n d in g  w ater 
d u r in g  th e  sp rin g  of 2 0 0 1 .
At e a c h  of th e  seven  s ite s , fo u r exp erim en ta l p lo ts  w ere e s tab lish ed . T hese  plots 
w ere a r ra n g e d  in  a  large  4x4 m e te r  sq u a re  subd iv ided  in to  four 2x2 m ete r q u a d ra n ts . 
T he p lo ts  w ere a r ra n g e d  su c h  th a t  th e  dividing lin es  betw een  th em  po in ted  in  th e  four 
c a rd in a l d ire c tio n s . In  th is  w ay, th e  four p lo ts  cou ld  be identified  a s  being  NW, SW, NE, 
a n d  SE. In  e a c h  of th e  four p lo ts , two sam pling  p o in ts  w ere e s ta b lish e d  a n d  field 
m e a s u re s  of b u lk  d e n s ity  a n d  e lectrica l co n d u c ta n ce  (EC) w ere ta k e n  w ith  sam p les 
re tu rn e d  to  th e  lab  for an a ly s is .
O ne of fo u r t re a tm e n ts  w as  a ss ig n ed  to each  plot. The tre a tm e n ts  w ere a s  
follows: 1) co n tro l, 2) a e ra tio n , 3) gypsum  a m e n d m en t, a n d  4) g ypsum  a m e n d m en t w ith  
a e ra tio n . A eration  w a s  done u s in g  a  p u la sk i, s im u la tin g  w h a t b a ck c o u n try  ran g e rs  
w ould  be  ab le  to  u se . O n a e ra te d  p lo ts, th e  top  10-15 cm  of soil w as loosened  an d  
tu rn e d  over. Next g y p su m  w as evenly d is tr ib u te d  over g y p su m -am en d ed  p lo ts. C ontrol 
p lo ts  h a d  n o  tre a tm e n t done b u t  w ere seeded  a n d  m u lched .
T re a tm e n ts  w ere ran d o m ly  a ss ig n ed  to  each  plot. After th e  tre a tm e n ts  w ere 
ap p lied , all p lo ts  w ere seed ed  w ith  a  m ix tu re  of na tive  s len d e r w h ea tg ra ss  a n d  
m o u n ta in  b ro m e a t  a n  ap p lica tio n  ra te  of 20  seed s  p e r sq u a re  foot. F inally, a  m ulch  
tre a tm e n t  o f o n e  gallon-sized  Ziploc bag  full o f s u rro u n d in g  vegetation  w as app lied  to 
e a c h  p lo t. P lot e s ta b lish m e n t w as  done in  th e  sp rin g  (Ju n e  19-23) of 2001 a n d  
sam p lin g  w as  d one  in  th e  fall (S ep tem ber 14-16) o f 2001 .
G y p su m  w as u s e d  b e c a u se  of its  cost a n d  availability . The a m o u n t of gypsum  
ap p lied  to  e a c h  p lo t w as  d e te rm in ed  u s in g  ca lcu la tio n s  given by  R ich ard s  (1954). For
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every  10% ex ch an g eab le  so d iu m  p ercen tag e  (ESP) n eeded  low ered, 1.7 to n s  gypsum  
w a s  a d d e d  p e r  acre-ft^. ESP w as  ca lcu la ted  from  SAR u s in g  th e  following form ula: 
E SP=[100(-0.0126+0.01475*SA R )]/[1+(-0.0126+0.01475*SA R )] (R ichards, 1954). 
S uffic ien t g y p su m  w a s  ap p lied  to  low er th e  ESP to  a  va lue  of ten .
B u lk  d en s ity  w as  d e te rm in ed  in  th e  field on  th e  firs t 15cm  of m in era l soil u s in g  
th e  slide h a m m e r core m eth o d  (Culley, 1993). A 5 -gram  rep resen ta tiv e  sam ple  w as 
th e n  d ilu te d  to  50m L soil so lu tio n  w ith  deionized w a te r a t  e ach  point. E lectrical 
co n d u c tiv ity  w as  m e a su re d  o n  th is  so lu tio n  w ith  a  CON 5 se ries  A com  M eter an d  
reco rd ed  in  (im hos p e r  cen tim ete r.
U sing  th e  m e th o d  d esc rib ed  by T hom as (1996), pH w as m e asu re d  on  each  
sam p le . A 10 -gram  rep re se n ta tiv e  sam ple  w as d ilu ted  w ith  20  mL of 0 .01 M CaCla, 
s tir re d  for 30 seco n d s, left to  s ta n d  for 5 m in u te s  a n d  th e n  soil pH w as m easu red .
E x ch an g eab le  Na+ a n d  Ca^+ c o n c e n tra tio n s  w ere d e te rm in e d  on e a c h  sam ple. 
T h ese  w ere th e  only c a tio n s  m e a su re d  b ecau se  th e  add ition  of gypsum  is  expected  to 
r e s u l t  in  a  r ise  in  Ca^* a n d  a  d ro p  in  Na+.
Soils w ere firs t d ried  a t  100* C th e n  p a sse d  th ro u g h  a  2m m  sieve. A 10-gram  
su b sa m p le  w as  m ixed w ith  35m L of 1.0 M N H 4 CI a n d  sh a k e n  for a n  ho u r. The sam ple 
w as filtered  th ro u g h  a  w h a tm a n n -4 2  filter p ap e r a n d  b ro u g h t to  lOOraL w ith  1.0 M 
NH4 CI in  a  vo lu m etric  flask. A dding 1.0 M N H 4 CI to  th e  soil sam p le  a c ts  to  s a tu ra te  th e  
c a tio n  ex ch an g e  s ite s  w ith  NH4 * a n d  re lease  all so rb ed  c a tio n s  in to  so lu tion . The 
e x tra c t w as  th e n  s to re d  in  a  re frig era to r u n til  ca tion  a n a ly s is  cou ld  be m ad e  on  a n  
a tom ic  a b so rp tio n  sp ec tro p h o to m e te r (AAS) (R hoades, 1996).
W ate r s tab le  aggregate  (WSA) p e rc en t w as d e te rm in ed  o n  all sam p les  from  
ex p e rim en ta l p lo ts. T he w et sieving m eth o d  d escrib ed  by K em per a n d  R o sen au  (1986) 
w as  u se d . Dry sam p les  w ere firs t sieved to  o b ta in  p a rtic le s  betw een  one a n d  two 
m illim eters . A su b sa m p le  w as  th e n  p laced  in  a  0 .25  m m  sieve a n d  w etted  by capillary  
ac tio n . A fter s ittin g  for 5 m in u te s , th e  sieves w ere th e n  ra n  th ro u g h  deionized w a te r in  
th e  w et-siev ing  a p p a ra tu s  for 15 m in u te s . S am p les w ere th e n  d ried  a n d  w eighed a n d
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a g g reg a tes  rem a in in g  w ere destro y ed  followed by a  final w eighing to m e a su re  coarse  
f rag m e n ts  (K em per a n d  R o sen au , 1986).
E x p e rim en ta l p lo ts  w ere tre a te d  a s  a  2x2 factorial design  w ith  gypsum  a n d  
a e ra tio n  b e in g  th e  m a in  factors. All d a ta  w as  firs t te s ted  for a  n o rm al d is tr ib u tio n  a n d  
h o m ogeneity  o f v a rian ce . D a ta  w as  th e n  analyzed  u s in g  a  u n iv a ria te  an a ly s is  of 
v a rian ce  (Sokal a n d  Rohlf, 1981).
R e su lts
In itia l p lo t t re a tm e n ts  w ere app lied  in  J u n e  2001 a n d  left th e  en tire  growing 
s e a so n  for seed ling  g row th  a n d  in co rp o ra tio n  of gypsum  in to  th e  soil. T he p lo ts w ere 
th e n  sam p led  in  S ep tem b er 2001 . It w as  found  th a t  one of th e  ex perim en ta l p lo ts  h a d  
b e e n  d es tro y ed  d u rin g  th e  se a so n  a s  som eone h a d  p laced  several large logs over th e  
e n tire  site.
Table 3.1. T reatm ent averages and  m ean  standard error for all variab les m easured  on  experim ental seed ing  
p lo ts  on  sa lt-affected  s ite s  in  th e  Teton W ilderness (n=6).
T reatm en t
R esp o n se  V ariable C ontrol A erate G ypsum A erate and  
G ypsum
T reatm en t  
p value
B ulk  D ensity  (g/cm^)
EC (pim hos/cm )
Soil pH
W ater S tab le  A ggregate % 
E x ch an g eab le  Na* (ppm) 
E x ch an g eab le  Ca -̂  ̂ (ppm)
1.26 ± 0 .05  
0 .1 4  ± 0 .04  
4 .8 8  ± 0 .13  
53 .4  ± 9 .66  
788  ± 2 2 1  
1197 ± 236
1.33 ± 0 .04  
0 .1 5  ± 0 .04  
4 .8 6  ± 0 .14  
49 .3  ± 8 .45  
584  ± 215 
1179 ± 273
1.22 ± 0 .0 4  
0 .97  ± 0 .37  
5 .00  ± 0 .14  
53 .2  ± 9 .5 5  
684  ± 195 
2542  ± 459
1.27 ± 0 .05  
0 .3 5  ± 0 .09  
4 .9 4  ± 0 .13  
4 9 .5  ± 9 .27  







0 .0 0 0 0 **
EC=EIectrical C onductance  
ns= n o t sign ificant 
* different from  control, a< 0 .0 0 1  
** a = 0 .01
T h ere  w as n o  s ign ifican t in c rease  in  vegetation  grow th  a t  an y  of th e  
ex p e rim en ta l p lo ts  a f te r  one grow ing seaso n . A verages for m e a su re d  v ariab les  a c ro ss  all 
s ite s  a n d  tre a tm e n ts  a re  given in  Table 3 .1. S ign ifican t tre a tm e n t effects w ere found  for 
Ca2* c o n c e n tra tio n s  a n d  EC on p lo ts  th a t  received a n  a m en d m en t of gypsum .
A verage b u lk  d en s ity  v a lu es  a re  given in  F igure 3 .1 . The tre a tm e n ts  th a t  
received  a e ra tio n  h a d  la rg e r b u lk  d en s ity  v a lu es  th a n  th o se  w ith o u t tre a tm e n t; how ever, 
th e re  w as  n o  s ign ifican t tre a tm e n t effect.








C ontro l A erate G ypsum  A erate & G ypsum
Treatm ent
Figure 3.1. M ean b u lk  d en sity  for treatm en ts on experim ental seed in g  p lo ts on  salt-affected s ite s  in  th e  Teton  









C ontrol Aerate G ypsum A erate & G ypsum
Treatment
Figure 3.2. M ean electrical con d u ctan ce for treatm en ts on  experim ental seed in g  p lo ts on  salt-affected  sites  in  
th e  Teton W ilderness. Error b a rs represent m ean standard error (n=6).
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A eration  p lu s  gypsum  a n d  gypsum  alone re su lte d  in  significantly  g rea te r  EC 
v a lu e s  th a n  th e  co n tro l o r ae ra tio n  tre a tm e n ts  (Figure 3.2). T he gypsum  only tre a tm e n t 
a lso  h a d  m u c h  h ig h er EC th a n  gypsum  p lu s  ae ra tio n .
Soil pH  for ex p erim en ta l seed ing  p lo ts  w ere found  to  n o t differ significantly  w ith  
tre a tm e n t  (Figure 3.3). W ater s tab le  aggregate  p ercen tag e  a lso  d id  n o t ch an g e  w ith  
tre a tm e n ts  (Figure 3.4). C o n ce n tra tio n s  of exchangeab le  Na* w en t dow n slightly  in  th e  
g y p su m -am e n d e d  p lo ts. C alc ium  co n ce n tra tio n s  w ere significantly  in c reased  (p < 0.05) 
in  th e  g y p su m -a m en d e d  p lo ts  (Figure 3.5).
5.2  
5 .15  ‘
5.1
5 .05  '
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C ontro l A erate
T rea tm e n t
G ypsum A erate & G ypsum
Figure 3.3. M ean soil pH for treatm en ts on  experim ental seed ing p lo ts on salt-affected s ite s  in  th e  Teton  
W ü d em ess. Error b a rs represent m ea n  standard error (n=6).
D isc u ss io n
T re a tm e n t p lo ts  show ed a  negligible a m o u n t of vegetative grow th. The m ain  
re a so n  for th is  is  p ro b ab ly  d u e  to  th e  s h o r t a m o u n t of tim e betw een  plot e s ta b lish m e n t 
a n d  sam p lin g . A n o th er re a so n  m ay be th a t  th re e  of th e  s ite s  h a d  fresh  an im al 
s c ra p in g s  in  th e  fall. Som e a n im a ls  h a d  cam e b ack  d u rin g  th e  grow ing seaso n  a n d  
d is tu rb e d  th e  sites.











C ontrol A erate G ypsum A erate & G ypsum
Treatm ent
Figure 3.4. M ean w ater stab le  aggregate p ercen tages for treatm ents on experim ental seed in g  p lo ts on salt- 
affected s ite s  in  th e  Teton W ü d em ess. Error b a rs represent m ean  standard error.
3 5 0 0 g N a  co n ce n tra tio n  







C ontro l A erate G ypsum
T re a tm e n t
Aerate & G ypsum
Figure 3.5. M ean exch an geab le  calcium  and sod ium  concentrations for treatm en ts on experim ental seed ing  
p lo ts  on  sa lt-a ffected  s ite s  in  th e  Teton W ilderness. Error b ars represent m ean  standard error.
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E lec trica l c o n d u c ta n c e  in c rea sed  significantly  in  b o th  tre a tm e n ts  receiving a  
g y p su m  am e n d m e n t. T h is is  d u e  p rim arily  to th e  ad d itio n  of ca tio n s. It is  in te re s tin g  to 
n o te  th a t  th e  n o n -a e ra te d  gy p su m  tre a tm e n t is m u ch  h ig h er th a n  th e  a e ra ted  one. This 
is  p ro b ab ly  d u e  to  Ca^+ being  in co rp o ra ted  in to  th e  soil so lu tio n  a n d  leach in g  in  th e  
a e ra te d  tre a tm e n t. It is  in te re s tin g  th a t  th e  tre a tm e n ts  n o t receiving ae ra tio n  h a d  
h ig h e r WSA %. T h is m ay  be d u e  to  th e  ex p o su re  an d  su b se q u e n t b reak d o w n  of organic 
m a te r ia ls  (S tevenson  a n d  Cole, 1999).
It w a s  expected  for w a te r s tab le  aggregate  p ercen tag e  to  in c rease  w ith  gypsum  
a m e n d m e n t (S ansom  e t al., 1994 a n d  Zahow  a n d  A m rhein , 1992) how ever, no  
s ig n ifican t d ifferences w ere observed . O ne of th e  re a so n s  for th is  m ay have been  the  
tim e fram e involved. Given a n o th e r  grow ing seaso n , th e  Ca^* from  th e  gypsum  m ay 
h av e  in co rp o ra ted  in to  th e  soil so lu tio n  a n d  c a u sed  flocculation  to  occu r a n d  aggregates 
to  reform .
T he sig n ifican t in c re a se  in  co n cen tra tio n  of exchangeab le  Ca^+ is a ttr ib u ta b le  to 
th e  ad d itio n  of Ca?* c a tio n s  in to  th e  soil. The a m o u n t of Ca^+ in  th e  gypsum  only 
tre a tm e n t w as  sign ifican tly  h ig h er th a n  th e  gypsum  p lu s  a e ra te  tre a tm e n t. T h is is 
p ro b ab ly  d u e  to  th e  Ca^^ be in g  in co rp o ra ted  in to  th e  soil so lu tio n  a n d  leach in g  m ore 
read ily  in  th e  a e ra te d  tre a tm e n t.
G iven a n o th e r  grow ing seaso n , th e  Ca^* c a tio n s  in  so lu tio n  m ay h av e  w orked to 
rem ove a  s ig n ifican t a m o u n t of Na* ca tio n s  from  exchange sites. The c o n cen tra tio n  of 
ex ch an g eab le  Na* is low er th a n  th e  con tro l in  b o th  th e  gypsum  am en d ed  sites , how ever 
n o t en o u g h  to  m ak e  einy defin ite  co nclusions.
C o n c lu sio n s
T he re su lts  o f th is  s tu d y  proved to  be  inconclusive , a s  ex p erim en ta l seed ing  
p lo ts  failed  to  yield a  s ig n ifican t a m o u n t of vegetative regrow th . It is im p o rta n t to  no te  
th a t  a e ra tio n  in  th e  m a n n e r  th a t  w as a ttem p ted  h a d  no positive effect on  b u lk  density . 
T he re m o te n e ss  of th e  s ite s  m ak e s  it u n feasib le  to a tte m p t an y  o th e r  type of aera tion . 
T herefo re , a e ra tin g  s ite s  m ay  n o t be th e  b e s t tre a tm en t.
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G iven m ore tim e, th e re  m ay  have b een  m ore  positive re su lts  to  rep o rt. In  th e  
long  ru n ,  in co rp o ra tio n  of som e form  of C a 2+ a m e n d m en t is reco m m en d ed  b e cau se  of 
i t ’s  p roven  ab ility  to im prove soil s tru c tu ra l  ch a rac te r is tic s . A dditional m u lch in g  or 
in c o rp o ra tio n  of h u m ified  o rgan ic  m a tte r  in to  th e  soil so lu m  seem s like a  logical 
a m e n d m e n t. F inally , fencing  off of sa lt s ite s  in  th e  Teton W ilderness  will be e ssen tia l 
for re h a b ilita tio n  a s  u n g u la te s  a c t to  repea ted ly  u se  a n d  tram p le  any  reh ab ilita tin g  
sites.
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Appendix 1. M ap o f salt-affected  s ite s  in  the Teton W ilderness. Map area is  Teton W ilderness, Northern n on ­
m ap area is  Y ellow stone N ational Park.
SITE EASTING NORTHING
2 12T 0571282 4 8 86693
3 12T 0 5 7 5 0 3 6 4 8 86723
4 12T 0 5 74245 4 8 86710
5 12T 0 5 73299 4 8 86714
6 12T 0 5 7 5 7 6 4 4886829
7 12T 0 5 7 4 4 3 7 4886549
8 12T 0 5 7 3 3 9 9 4 5 56540
1 1 12T 0 5 68049 4 8 86096
1 2 12T 0 5 75782 4886295
13 12T 0 5 7 8 0 3 0 4 8 79117
15 12T 0 5 5 8 1 0 3 4 8 85756
17 12T 0 5 5 4 1 3 4 4 8 86340
18 12T 0 5 5 4 1 3 0 4886527
2 2 12T 0 5 5 3 0 1 5 4886064
25 12T 0 5 6 0 0 3 0 4 8 8 6 6 8 4
26 12T 0 5 60058 4886449
30 12T 0563532 4 8 8 6 2 0 8
31 12T 0565171 4 8 8 5 0 6 7
32 12T 0 5 63798 4 8 8 2 6 9 3
33 12T 0 5 61238 4 8 8 6 0 6 5
34 12T 0560565 4 8 8 0212
35 12T 0 5 6 2 7 4 8 4 8 8 1 0 2 4
36 12T 0 5 6 0634 4 8 7 9309
CONUS 27.
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